Abstract Sepsis suffers from lack of specific clinical symptoms which contribute to one of the major causes of mortality. In the present study, our aim was to evaluate the role of a recent biomarker Procalcitonin (PCT) in predicting organ dysfunction. 71 patients admitted with sepsis were included in the study. PCT levels were measured at 0, 24, 72 h and 7th day and sequential organ failure assessment score (SOFA) scores were calculated. PCT levels significantly decreased (p \ 0.001) in 89.3 % of surviving patients, whereas, in 60 % non surviving patients the PCT level increased significantly (p \ 0.001). A significant positive correlation between PCT and SOFA score was observed in survivors at each hour. These observations indicate that PCT concentration is significantly associated with severity of multi organ dysfunction and also helps in determining the prognosis of septic patients.
Introduction
Sepsis is one of the most common causes of morbidity and mortality in intensive care unit (ICU) patients and one of the major complications of sepsis is multi organ dysfunction. Due to lack of specific symptoms and sensitive laboratory biomarkers, most of the time, appropriate treatment is delayed. Procalcitonin (PCT), a 13 kDa protein has been studied as a useful biomarker of systemic inflammatory response to infection for more than a decade now [1] [2] [3] . It is the prohormone of the hormone calcitonin and its production during inflammation is linked to the bacterial endotoxin and to inflammatory cytokines [4] . Till date there is no other biomarker other than PCT which can differentiate between an infectious or non infectious origin of systemic inflammation. Oberhoffer et al. [5] has observed the in vitro expression of mRNA coding PCT in monocytes stimulated by endotoxin or inflammatory cytokines [5] . It has also been observed that the expression of the PCT producing CALC-1 gene increases in multiple extra thyroid tissues in bacterial infection [6] . A recent study [7] has established that PCT guided antibiotic therapy has reduced the antibiotic exposure in patients by 20-70 % without any negative effect. Hence, with the background of usefulness of PCT in sepsis and its close relationship with the severity of the disease [2, 8] , our aim was to observe whether a correlation between the level of PCT and the extent of organ dysfunction exist.
Materials and Methods
The study protocol was approved by the institutional ethics committee. A total number of 71 patients admitted with fresh sepsis to the intensive care unit (ICU), New Delhi during July 2010 to July 2011 with clinically suspected bacterial infection and fulfilling at least two criteria of systemic inflammatory response syndrome (SIRS) [9] were included in the study. Informed consent from all patients or their relatives was taken before enrollment in the study. At admission, patients' demographics, principal diagnosis and all clinical parameters were recorded. APACHE II (Acute Physiology, Age, Chronic Health Evaluation) and SAPS II scores (Simplified Acute Physiology Score) were calculated from the worst values of standard clinical and biological parameters within first 24 h of ICU admission. APACHE II and SAPSII are measures to assess the severity of disease in adult patients admitted to intensive care units; higher score signifies a more severe disease and a higher risk of death. The severity of organ dysfunction was assessed by the sequential organ failure assessment (SOFA) which is based on six different scores, one each for the respiratory, cardiovascular, hepatic, coagulation, renal and neurological systems. SOFA score is well established as an effective index to describe the severity of organ dysfunction in critically ill patients (Table 1 ) [10] . Blood samples were drawn at 0, 24, 72 h and on day 7 for estimation of PCT. PCT was estimated using BRAHMS PCT sensitive Kryptor assay which is based on time resolved amplified cryptate emission technology. SOFA scores were also recorded simultaneously and were categorized in four increasing order, such as, 1-6, 7-12, 13-18, and 19-24. Patients were followed up for 28 days and were then classified as survivors or non survivors.
Statistical Analysis
For statistical analysis the statistical package for the social sciences (SPSS, version 17) was used. Normal deviation test was applied to determine the percentage of patients who had either decreased or increased PCT levels over a period of time. Spearman correlation was applied to find out the association between PCT concentrations and corresponding SOFA scores. Student t test and Mann-Whitney test was used for normal and non normal data respectively. Any p value less than 0.05 was considered significant.
Results
Out of 71 patients included in the study, 56 patients survived and rest 15 patients succumbed to their underlying disease during the observation period of 28 days. The overall mortality rate was 21.12 %. The demographic profile and principal diagnosis of the enrolled patients at the time of admission are given in Tables 2 and 3 respectively. Pneumonia (16 %) was the most common source of sepsis in our study followed by urinary tract infection (11 %) .
At the time of admission there was no significant difference in age, sex ratio and SOFA score between survivors and non survivors. However, there was a significant difference in APACHE II and SAPS II ( Table 2) .
With subsequent observation from 0 h to day 7 we found that 89.3 % of surviving patients had a significant decrease (p \ 0.001) in their PCT level as compared to non survivors, whereas, in 60 % non surviving patients the PCT level increased significantly (p \ 0.001) as compared to only 10.7 % increase in survivors (Table 4) .
SOFA score was calculated for each patient and the scores were categorized into four groups, such as, 1-6, 7-12, 13-18, and 19-24. To study the correlation between SOFA and PCT, patients were assigned to these above mentioned scores categories. Out of 71 patients none were in the group of 19-24. The PCT levels within the three groups of SOFA score is shown in Fig. 1 which depicts that the median concentrations of PCT increases significantly with increasing SOFA scores. Further when we evaluated the correlation coefficient between Renal creatinine mg/dL (urine output mL/day) \1.2 1.2-1.9 2.0-3.4 3.5-4.9 (or \500 mL/day) [5 (or \200 mL/day) PCT and SOFA score in both survivors and non survivors at different time periods the observation was as follows: There was a positive correlation at all time periods between the PCT level and SOFA score; however the correlation was significant only in the survivor group (Table 5) .
Discussion
In this study, we investigated whether the change in the level of PCT over a period of time has any outcome on the prognosis and whether a correlation between the level of PCT and the extent of organ dysfunction exist in patients during systemic inflammation. The study population was not large and the mortality rate (21.12 %) was low, which is attributable to better sepsis management and use of sepsis bundles in our ICU [11] . Two major studies which were undertaken in various centers, reported a mortality rate in patients with sepsis between 16.8 and 34 % [12, 13] . In this study, we have observed that, in a significant number of patients (89.3 %) the PCT level decreased with time and eventually survived the 28 day observation period, whereas the outcome of increase of PCT in 60 % patients was lethal. Thus it can be said that if there is no significant decrease or if there is an increase in the PCT level in patients under treatment, an alert should be raised on reassessment of the therapy [14] . In 2006, Jensen et al. [15] studied PCT measurements in critical care patients and found that an increase in PCT value following the first observation was an independent predictor of mortality. There are some other studies which have associated high PCT values with poor prognosis [16, 17] .
The other objective of our study was to explore if there is any correlation between PCT and SOFA scores in sepsis patients. Our results indicate that, PCT levels are directly associated with organ dysfunction in sepsis as assessed by SOFA score. The significant positive correlation was observed only in the survivor group. The non significant positive correlation in the non surviving patients may be because of the small group size. These observations elucidates that PCT represents a beneficial and predictive indicator of sepsis complications such as multi organ dysfunction. Routine analysis of PCT levels seems to aid early recognition of these sepsis complications. Figures in parenthesis describe number of survivor or non survivor patients out of respective total number of patients 
Conclusion
Our study has certain important observations which might guide the clinicians in making early decisions since early diagnosis of sepsis and its associated complications is of utmost importance for greater clinical success. The observations definitely indicate that serum PCT measurements should be used as a part of the comprehensive clinical assessment, which would improve the management and consequently the survival of patients with sepsis.
